Introduction 62 63
Every year, microbes from terrestrial ecosystems emit approximately 54 Pg C into 64 the atmosphere via soil heterotrophic respiration (Hashimoto et al., 2015) . This is more 65 than five times the amount of C released by fossil fuel emissions in 2016 (ca. community is dominated by non-native grasses and forbs (Hoeppner and Dukes, 2012) . 145
146
To guarantee that the measured RH was caused by microbial activity and not by 147 plant roots, we collected all of our samples from patches of soil that were isolated from 148 roots and plant carbon inputs by "root-exclusion collars." These collars were made of 30-149 cm diameter plastic pipe that had been driven 30 cm into the soil in November 2007 150 (Suseela et al., 2012) . The collars extended ~4 cm above the soil surface. To prevent 151 plant growth within these root-exclusion collars, we covered the soil surface within each 152 collar with a circle of weed-blocking nylon mesh. This mesh was removed only during 153 RH measurements and soil sampling. Carbon inputs had been limited in this manner for 154 the previous nine years; by the fourth year of plant exclusion (2011), labile organic 155 matter remaining in the soils was already substantially depleted in comparison to the 156 surrounding soils in which plants grew, as shown by lower rates of substrate-induced 157 respiration (Koyama et al. 2018 ). Thus, our use of these root-free soils with similar past C 158 inputs enabled a controlled examination of microbial responses, but the sustained lack of 159 plant inputs and the consequently depleted labile organic matter need to be kept in mind 160 when interpreting our results. 161 8
162

Experimental design 163 164
The BACE manipulated climatic conditions in 36 square experimental plots, each 165 2 m x 2 m. A factorial combination of four levels of warming and three levels of 166 precipitation created a total of 12 climate treatments. The experiment consisted of three 167 replicate blocks. Within each block, plots were arranged linearly in three groups of four, 168 with each group receiving one of the three precipitation treatments. The four plots within 169 each group were spaced 1 m apart, with one plot receiving each of the four levels of 170 warming. Each block was located under a single greenhouse frame that served as a mount 171 for infrastructure related to the precipitation treatments. 172
173
Warming was applied with ceramic infrared heaters mounted 1 m above each 174 corner of each plot, and facing towards the center of the plot and down at a 45° angle. 175
The treatments corresponded to the wattage of the heaters surrounding each plot: 176 unheated (0 W), low (200 W), medium (600 W), and high (1000 W) heat. The three 177 heated plots within each group were wired to a single circuit, and the warming system 178 was programmed to attempt to maintain a 4 °C difference between the canopy 179 temperatures of the unheated and high heat plots within each group. The power supplied 180 to the heaters in each group was adjusted every 10 s based on the measured temperature 181 difference between the unheated and high heat plots in that group. measuring RH and collecting soil samples in each plot, we mixed 1 g of soil with 9 mL of 224 distilled, sterile water and vortexed this solution for 1 min. We filtered the solution 225 (particle retention > 11 μm) to remove large debris. We sampled 0.8 mL of the filtered 226 solution and added 0.1 mL of 4',6-diamidino-2-phenylindole (DAPI; 5 μg DAPI mL excited with a 20mW 405nm laser, and detected using a 450/50 filter, while CTC was 241 excited with a 30mW 488nm laser, and detected using a 695/40 filter. To further resolve 242 small particles, we set the LSRII window extension at 2.00 (rather than the default of 243 10.00). To minimize the amount of debris and background included in the sample 244 analysis, we set thresholds at 1000 and 750 for FSC-PMT and SSC parameters, 245 respectively. We ran controls (unlabeled, DAPI, and CTC) for each sample, and saved 246 10,000 events per sample. The sample injection was rinsed after each sample in order to 247 minimize any cross contamination between samples. An example of the analysis output 248 ( Figure S1 ) is shown in the supplementary material. 249
250
We acknowledge three caveats with our approach for measuring abundance of 251 active and dormant cells: 1) we did not measure dead cells, so our estimate of dormant 252 cells could be overestimated by non-CTC stained cells that were not viable, 2) a fraction The warming treatments increased (P<0.05; Table S1) soil temperature in both 317 seasons (Figure 1 a and b) . Soil temperature was affected by the precipitation treatments 318 as well. Soil temperature was higher (P<0.05) in the dry (and less plant-shaded) plots 319 than in the ambient and wet plots, especially in the Fall (P = 0.06). In the summer, soil 320 temperature ranged from 21.5 ± 1.2 °C in the unheated plots to 23.9 ± 2.0 °C in the high 321 heated plots. In the fall, soil temperature ranged from 15.4 ± 1.5 °C in the unheated plots 322 to 17.9 ± 1.7 °C in the high heated plots. Differences in soil temperature between 323 unheated and high heated plots were ca. 2.5 °C in both seasons, while differences 324 between seasons were in average ca. 6 °C. Overall, differences in soil temperature were 325 larger between seasons than across warming treatments. Although in the fall RH tended to increase from dry to wet plots (Figure 1f ), this trend 344 (like all other differences across treatments) was not statistically significant (Table S3) . 345
Effects of warming and precipitation treatments on microbial parameters 347 348
Microbial parameters differed between seasons but were unaffected or weakly 349 affected by treatments (Figure 2 and Tables S4-7 (Table 1 ). The statistical model that 364 best fitted our data (P < 0.05, BIC = 69.7, Table S4 ) surprisingly suggests that decreases 365 in RH between the summer and fall were associated with increases (P < 0.05) in TMB, 366 TMB having a different influence on RH in each season (P < 0.05). For reasons that we 367 discuss below, we also analyzed the second best statistical model (P < 0.05, BIC = 81.5), 368 which suggests that seasonal decreases in RH from summer to fall were associated with 369 decreases in temperature and in the abundance of actively respiring cells in soil (Table 1) . 370 371 Overall, temperature and moisture explained seasonal soil respiration better than 372 microbial processes alone, but incorporation of microbial data increased explanatory 373 power (Figure 3) . Our results suggest that, on average, log(RH) increased by 0.11 μmol 374 m -2 s -1 per 1 °C increase in soil temperature (Table 1) Table  817 S10); only values related to microbes: TMB, log(AMB), log(Fungi:Bacteria), and 818 log(Gram-positive:Gram-negative); statistics in Table S9 ); with microbes and physical 819 conditions (as a function of temperature, moisture, TMB, log(AMB), log(Fungi:Bacteria), 820 and log(Gram-positive:Gram-negative); statistics in Table S11 ); the second best model 821 (as a function of temperature and the interaction between temperature and log(AMB); 822 statistics in Table 1 ); and the best (but see discussion) model (as a function of TMB, and 823 the interactions between log(AMB) and moisture, and TMB and season; statistics in 824 Table S8 ). Significance codes: P < 0.001 '***', 0.001 < P < 0.01 '**', 0.01 < P < 0.05 '*', 825 0.5 < P < 0.1 ' †'. 826 
